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Abstract
Background The neuropsychological results of temporal
lobe epilepsy surgery are well reported in the literature.
The aim of this study was to analyse the neuropsychological
outcome in a consecutive series of patients with extra-
temporal epilepsy.
Methods We retrospectively analysed the data of patients
operated between 1996 and 2008 for extra-temporal epilepsy.
Standard neuropsychological tests were applied. We assessed
the neuropsychological outcome after surgery and the corre-
lation of the neuropsychological outcome with (1) side and
localisation of surgery, (2) Engel scale for seizure outcome
and (3) timing of surgery.
Findings Patients had a better neuropsychological outcome
when undergoing non-frontal resection [χ2 (2) 06.66,
p00.036]. Subjects who had undergone left or right resection
showed no difference in outcome [χ2 (2) 00.533, p00.766].
The correlation between the Engel scale for seizure re-
occurence and the neuropsychological scores showed only a
tendency for better outcome (Spearman ρ0−0.437; p00.069).
The global measure of change did not correlate significantly
with delay of surgery (Spearman ρ0−0.163; p00.518).
Conclusions Resective epilepsy surgery improves neuro-
psychological status outcome in patients with extra-
temporal epilepsy even if the patient did not become seizure
free. The outcome is better for non-frontal localisation.
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Introduction
Approximately 20 % to 40 % of individuals with a diagnosis
of chronic epilepsy have seizures that are not adequately
controlled by antiepileptic drugs [10, 13, 17]. Extra-
temporal epilepsy refers to seizure originating from outside
the temporal lobe and accounts for around one third of all
cases [27].
In light of the above, resective surgery has been proved
to be an important and effective treatment for many
patients with pharmaco-resistant epilepsy [14, 15]. Surgery
for extra-temporal epilepsy represents the minority of
interventions with approximately 15–20 % of resective
surgical cases [7, 9].
Detailed neuropsychological testing is indispensable for
the pre-surgical evaluation as well as the post-surgical out-
come analysis, as it allows focus determination and case
selection [22].
However, the majority of neuropsychological studies
have focussed on temporal epilepsy with less interest to
extra-temporal epilepsy, because of the paucity of the latter
cases. Therefore, this study addresses the question whether
resective epilepsy surgery improves the neuropsychological
outcome. Our hypothesis was that neuropsychological func-
tioning should improve globally after surgery.
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Methods and materials
Patients
We retrospectively analysed the data of all the patients
investigated in the epilepsy unit of the department of neu-
rology (n0457) between 1996 and 2008.
Among the patients who underwent surgery (n0261),
(n0146) were operated for temporal epilepsy and (n063)
for extra-temporal epilepsy.
In order to ensure a reliable comparison between the pre-
and postoperative data and the homogeneity of neuropsy-
chological testing, we excluded (1) patients younger than
12 years, (2) patients with no postoperative follow-up in our
centre, (3) patients who underwent more than one surgical
procedure, (4) patients who underwent hemispherotomy and
those who underwent vagus nerve stimulation. Therefore,
our final sample consisted of 18 subjects aged 12 to 55 years
at the time of surgery (mean028.4 years; SD012.7 years);
61 % (n011) were women and 39 % were men (n07).
Subjects had a follow-up of 3 to 120 months (mean0
14 months) after surgery. The latest examination was con-
sidered to estimate the prognosis.
Neuropsychological assessment
Patients went through standard neuropsychological examina-
tion investigating various cognitive functions. Language abil-
ities were assessed by image naming using a short version of
the Boston naming test [30], oral fluency tests including
semantic and alphabetical cues (respectively animals names
and words beginning with the letters "P" or "S" over a 2-min
period) [3], and a clinical evaluation of written language
(reading aloud, writing sentences spontaneously or under
dictation).
Clinical evaluations of calculation on oral and written
modalities, of visual agnosia and upper limb apraxia were
also performed. Executive functioning was investigated
with Luria's alternating graphic sequences [19], non-verbal
fluency test [24], the Victoria version of the Stroop test [26]
and Trail Making Test [19]. Verbal and visuospatial spans
were assessed using forward digits span with three trials for
each span length and the Corsi Block Tapping Test with the
same procedure [19]. Episodic memory tests were used in
both verbal and visual modalities with adaptations of the
Rey Auditory-Verbal Learning Test [19] and the Rey Visual
Design Learning Test [26].
Outcome analysis
To assess the evolution of the neuropsychological state, we
compared the preoperative and the last neuropsychological
assessment as available from our database.
According to the sample size, descriptive statististics on
specific neuropsychological functions and inferential tests
give a global outcome indicator. This was consistent with
test our hypothesis that neuropsychological functioning
should globally improve after surgery. We thus chose to
determine the frequency of deterioration, the absence of
change and the improvement across subjects for each test.
The criteria to attribute the scores were the following: if a
negative evolution was seen in three or more tests (≥3), the
patient was considered to have deteriorated. If a positive
evolution was seen in three or more tests (≥3), the patient
was considered to have improved. Any change in fewer than
two tests (≤2) was considered an absence of change.
Change in performance itself was defined as improve-
ment or deterioration in normative data of at least 1 point on
the z-score or 34 points if centiles were used. When func-
tions were not investigated with standardised tasks (e.g.,
writing, visual gnosia), a rating was given by a trained
examiner.
The side (left-right) of surgery and the localisation of
resection were analysed too. The anterior localisation repre-
sents the frontal resection, and the posterior localisation
represents the remaining lobes (insular, parietal and
occipital).
Epileptological outcome was assigned according to the
Engel classification scheme: class I, seizure free or auras
only since surgery; class II, rare seizures (<2/year or only
non-disabling nocturnal seizures); class III, reduction of
seizure frequency>75 %; and class IV, unchanged (<75 %
reduction of seizure frequency) [11].
Correlations were investigated between the neuropsycho-
logical outcome and (1) the side of surgery; (2) localisation
of surgery; (3) delay between age of onset seizures and
surgery; (4) Engel scale for seizure occurrence evolution.
Statistical analysis was performed using the SPSS 16.0
software for Windows.
Results
Patient’s characteristics
Eighteen patients were analysed; 61 % (n011) were women
and 39 % (n07) were men. The mean age of surgery was 28
(12–55) years. The mean delay of surgery was 15.5 (1–37)
years.
Imaging and epileptological workup
Indication for surgical intervention depended on the congru-
ence of the EEG, MRI findings, PET and SPECT. In 33 %
(n06) patients, the non-invasive investigations did not allow
identification of an epileptogenic focus, and they underwent
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invasive investigations with subdural grids, strip electrodes
and depth electrodes, respectively.
Resective surgery
Equal numbers of patients (n09) underwent operations on
the left and right hemispheres; 45 % (n08) had an anterior
(frontal) localisation, and 55 % (n010) had a posterior
(insular, parietal and occipital) localisation (see Table 1).
Operative complications
Thirty-three percent (n06) had no operative complications.
For the remaining 64 % (n012) complicated patients, 28 %
(n05) of the patients had transient neurological deficits.
This figure also takes into account the “expected consequen-
ces” when resecting a part of an eloquent region, such as a
visual field defect in the occipital region. 11 % (n02)
presented as a persistent visual field defect. Eleven percent
(n02) had to be re-operated, one for epidural haematoma
and one for hydrocephalus with ventriculo-peritoneal shunting.
All infections were controlled by adapted antibiotics (see
Table 2).
Pathology
There was only one patient with normal histological find-
ings. The remaining cases were abnormal with 28 % (n05)
cases of focal cortical dysplasia, 17 % (n03) with caverno-
mas, 11 % (n02) with oligodendrogliomaand 11 % (n02)
with dysembryoplastic neuroepithelial tumours (see
Table 2).
Engel classification outcome
At the last control at 3 to 120 months (mean014 months),
72 % (n013) were Engel class I, 11 % (n02) were Engel
class II, 5 % (n01) were Engel class III and 11 % (n02)
were Engel class IV (see Table 1).
Neuropsychological outcome
The hypothesis was that an improvement of cognitive
functioning should be observed after surgery. This hypoth-
esis was then tested against theoretical results “expected
results”, where no improvement after surgery would ap-
pear. This was implemented as 50 % subjects with dete-
rioration, 50 % with no change in cognitive function and
none with improvement.
On the preoperative neuropsychological assessment,
most of patients had a deficit in a several cognitive func-
tions. Preoperative results showed 45 % (n08) language
deficit, 17 % (n03) praxis skills deficit, 55 % (n010)
attentionnal skills deficit, 72 % (n013) executive function
deficit, 50 % (n09) verbal memory deficit and 33 % (n06)
visual memory deficit.
Postoperative results showed 45 % (n08) language def-
icit, 17 % (n03) praxis deficit, 39 % (n07) attentionnal
skills deficit, 61 % (n011) executive function deficit,
33 % (n06) verbal memory deficit and 28 % (n05) visual
memory deficit.
Our results showed a significant difference between the
expected and the observed distribution [χ2 (2)052,485.89,
p00.0001] with only 17 % (n03) of patients showing a
decrease in the postoperative results, 28 % (n05) showing
an absence of change and 55 % (n010) showing an
improvement.
Independent chi-square tests were then performed to
determine any difference in neuropsychological outcome
regarding the side and localisation of surgery. The results
indicate that the distribution of scores according to local-
isation of surgery is significantly different from a random
effect [χ2 (2) 06.66, p00.036] with a better outcome for
patients who underwent posterior (insular, parietal and oc-
cipital) resection; chi-square concerning the side of surgery
was not significant [χ2 (2) 00.533, p00.766] for subjects
Table 1 Repartition by side, localisation, neuropsychological scoring
and Engel classification
Patient Side Localisation Neuropsychological
scoring
Engel
classification
at last control
1 Left Anterior Worsing 1
2 Right Posterior Improvement 1
3 Left Posterior Improvement 1
4 Right Posterior Improvement 1
5 Left Posterior Improvement 1
6 Left Posterior No change 4
7 Right Anterior Worsing 2
8 Left Anterior No change 1
9 Left Posterior Improvement 1
10 Left Anterior No change 4
11 Right Posterior Improvement 1
12 Right Anterior Worsing 2
13 Left Posterior Improvement 1
14 Right Anterior Improvement 1
15 Right Anterior No change 1
16 Left Posterior Improvement 1
17 Right Posterior No change 1
18 Right Anterior Improvement 3
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who had undergone left and right resection showing the
same pattern of evolution.
The correlation with the global cognitive outcome and
the Engel scale for seizure occurrence evolution showed a
strong tendency for a better outcome (Spearman ρ0−0.437;
p00.069), but did not reach significance. Furthermore, our
global measure of change did not correlate significantly with
the delay between the onset of seizures and the time of
surgery (Spearman ρ0−0.163; p00.518).
Discussion
Epilpetogenic outcome
Patients with extra-temporal lobe epilepsy are often partic-
ularly difficult to treat medically, and they are often equally
difficult surgical candidates [12]. Some authors report that in
extra-temporal pharmaco-resistant epilepsy, the outcome after
cortical resection is less certain and the prognosis is generally
less favourable than in temporal pharmaco-resistant epilepsy
[2, 14]. However, a strictly unifocal, interictal epileptiform
pattern on the scalp EEG can predict a successful post-surgical
outcome in these patients [14].
In view of the above, the success rate for operations for
extra-temporal epilepsies is lower when compared to tem-
poral lobe epilepsy, with seizure-free rates varying from
55 % to 85 % for temporal locations and from 30 % to
60 % for extra-temporal locations [6, 15, 25, 31].
Patients with temporal lobe epilepsy have a 2.7-fold higher
chance to benefit from surgery than patients with extratemporal
lobe epilepsy. Within both groups, the presence of structural
epileptogenic lesions is also related to a 2–3 times higher
chance to become seizure-free postoperatively, as identified
in a recent review [29]. Histological abnormalities were asso-
ciated with significantly better outcomes in a study of 60
patients with extratemporal lobe epilepsy [32]. In our series
72 % (n013) became seizure-free, and only one patient had
normal histological findings.
Until the last 2 decades, surgical outcome in epilepsy
surgery has been evaluated in terms of the degree of seizure
reduction or cessation of seizures. However, recent clinical
studies have shown that seizure reduction or cessation cannot
be the sole and ultimate goal of epilepsy surgery, since patients
who had been seizure-free may have serious psychosocial
problems that might be intolerable, causing a poor quality of
life [28]. Kim et al. reported that the most common morbidity
after extratemporal resective surgery is hemiparesis in 18% of
cases [16]. In our data 17 % (n03) presented a transient
postoperative hemiparesis. In a series collected by Cascino
et al. 8 % of patients required a surgical procedure to treat the
operative complication [4]. This is in line with our findings, as
we had to re-operate 11 % (n02) of our patients.
Neuropsychological outcome
Cognitive function is now recognised as a critical component
of quality of life in patients with epilepsy and is now included
Table 2 Repartition by localisation, pathology and complications
Patient Side/localisation Pathology Complications
1 Left frontal lobectomy Focal cortical dysplasia None
2 Right parieto-occipital lesionectomy Oligodendroglioma grade III Persistant hemianopsia
3 Left parietal lesionectomy Subcortical hypomyelinisation, ectopic neuron Infection, regressive Gerstmann syndrome
4 Right parietal lobectomy Periventricular heterotopia, polymicrogyria Regressive hemianopsia
5 Left parietal cortectomy, lesionectomy Tuberous sclerosis Epidural haematoma evacuated surgically
6 Left cingulotomy Normal None
7 Right frontal lobectomy Post-traumatic fibrosis Parenchymal haematoma, infection
8 Left frontal cortectomy, lesionectomy Focal cortical dysplasia Regressive left paresis
9 Left parietal cortectomy DNET None
10 Left frontal lobectomy Post-traumatic fibrosis Infection
11 Right occipital lesionectomy DNET Persistant quadranopsia
12 Right frontal lobectomy Oligodendrogliome grade II Hydrocephalus shunted
13 Left insular and singular lesionectomy Cavernoma Left hyposmia
14 Right frontal lesionnectomy Cavernoma None
15 Right frontal lobectomy Focal cortical dysplasia Regressive left hemiparesis
16 Left parieto-occipital lesionectomy Focal cortical dysplasia None
17 Right insular lesionectomy Cavernoma Regressive left hemiparesis
18 Right frontal lesionectomy Focal cortical dysplasia None
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along with seizure control as an important outcome variable in
research studies on the efficacy of medication treatment and
the effect of resective surgery [1, 8].
Thus, neuropsychology has played a prominent role
throughout the modern era of epilepsy surgery. It was
employed originally to identify patients at risk for signifi-
cant postoperative memory impairment after anterior tem-
poral lobectomy for bilateral mesial temporal lobe
dysfunction [21]. Neuropsychological evaluation is based
on comparing the patient’s performances on a variety of
standardised tests and questionnaires to norms derived from
the general population [18]. Previously, we demonstrated
that the use of a post-ictal neuropsychological examination
can yield lateralising and sometimes localising information,
even for extra-temporal foci [23].
There are only a few studies looking specifically into the
cognitive and psychosocial outcome of adult patients with
extratemporal lobe epilepsy. The first prospective clinical
study focussing on quality of life specifically in patients
with extra-temporal epilepsy was performed by Tanriverdi
in 23 patients, and the main finding of their results was that
surgery clearly improved the overall quality of life com-
pared to the preoperative status [27, 28].
In our series 55 % (n010) of the patients showed an
improvement in their neuropsychological status, and only
17 % (n03) of the patients exhibited a worse neuropsycho-
logical status compared to the preoperative one. Descriptive
statistics indicate that improvement occurred mainly for mem-
ory, executive functions and attention. Patients operated on at
anterior localisations tended to have a better recuperation in
visual memory. Patients operated on at posterior localisations
tended to have a better outcome in language and executive
functions.More studies should be donewith larger samples and
inferential analysis to investigate which cognitive functions
have better prognoses. Comparison between the global cogni-
tive outcome and the Engel scale for postoperative seizure
occurrence showed a strong tendency for a better cognitive
performance of patients with class I or II.
Our global measure of change did not correlate significantly
with the delay time of surgery in our patient population. This
might be different in smaller children, where the rapid diagno-
sis of pharmacoresistance and referral to surgical treatment, if
indicated, is muchmore crucial [5]. Since the immature brain is
supposedly more adaptive than the mature one, children may
recover functions to a better degree after surgery and thus are
subject to separate studies, albeit there are not many [20].
In a series of 126 patients with extra-temporal epilepsy
presented by Holmes, the specific locations from which seiz-
ures arose did not have a significant relationship with outcome.
Moreover, the time of operation, gender, family history of
epilepsy and the presence of focal neurological signs also
had no significant relationship with outcome [14]. Our results
are in general in line with these observations; however, our
findings suggest that patients with a frontal resection had a
worse prognosis in terms of seizure outcome. Descriptive
statistics suggest that these patients show a preoperative def-
icit in linguistic skills, attention and verbal memory more
frequently. Also they tend to present a less positive outcome
in language and executive function than patients operated on
at posterior sites. However, we need further investigations
with a larger sample size and inferential statistics. This may
help to establish a prognosis regarding to the preoperative
deficit.
Our study provided encouraging results for patients with
surgically amenable extratemporal lobe epilepsy. Most
patients improved or remained stable, a finding that may
help in the counselling of patients. This report nevertheless
has several limitations: first, it is based on retrospective and
small sample size data; second, extratemporal epilepsy
varies by hemisphere, lobe (with some being multilobar)
and surgical approach; third, it is restricted to adult patients
who may differ from paediatric patients in terms of their
cerebral plasticity and potential for cognitive recovery.
Conclusion
Surgery in extra-temporal epilepsy is safe and beneficial; the
results presented herein suggest that epilepsy and neuropsycho-
logical outcome significantly improve. A large sample size will
provide clinically more reliable and meaningful information.
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